In tro duc tion Ox i da tion pond is one kind of wastewater treat ment es tab lish ments, and is widely applied to treat mu nic i pal sew age and var i ous in dus trial wastewaters in many coun tries [1, 2] . The hy dro dy namic of ox i da tion pond is an im por tant as pect as it sig nif i cantly af fects the per formance of the pond. Re cently, the ad vance ment of com pu ta tional re sources has fa cil i tated the use of CFD mod els as a pre dic tive tool for mix ing be hav ior in ox i da tion pond sys tems [3, 4] . How ever, in view of com bin ing hy drau lic be hav ior with a ki netic pro cess model, the com pu tational load is too high for prac ti cal use [5] . Tracer study is a wide spread and ef fec tive method for eval u at ing the hy drau lics of pond sys tems. The hy drau lic char ac ter is tic of the ox i da tion pond is unideal. For anom a lous dif fu sion be hav ior, it can be well de scribed by the dis crete frac tional model [6] , the plug flow re ac tor with lon gi tu di nal dif fu sion (PFD) and con tin u ous stirred tank re ac tor model [7] . Peclet num ber is a crit i cal pa ram e ter for study ing fluid dif fu sion be hav ior, and is widely used in ther mal en gi neer ing [8, 9] . Be cause Peclet num ber is very dif fi cult to be ex actly pre dicted, a sim ple and ef fec tive method was pro posed to as cer tain Peclet num ber value by test ing the hy drau lic res i dence time dis tri bu tion of ox i da tion ponds. The em pir i cal for mula of Peclet num ber was es tab lished by fit ting data ob tained from tracer ex per i ments. This em pir ical for mula could be ap plied in PFD model com mend ably, and the ac cu racy of this math e mat ical model was also checked by op er at ing data from Xianhe ox i da tion pond of Sinopec Shengli Oil field company.
range ment from in let to out let were con sidered, and five tracer ex per i ments were done in each ar range ment. The lon gi tu dinal dif fu sion co ef fi cient, D, can be cal culated by the fol low ing for mu las. The dis tribu tion den sity and dis tri bu tion func tion are ex pressed by eqs. (1) and (2), re spec tively:
Av er age res i dence time, vari ance and con trast vari ance are de scribed by eqs. (3)- (5):
Ac cord ing to the em pir i cal for mula of closed re ac tor [10] , eq. (5) can be con verted to:
The re la tion be tween D and Peclet num ber can be ex pressed by eq. (7):
where u is the su per fi cial ve loc ity, L -the beeline from in let to out let, and d -the dif fu sion fac tor. The rel a tive pa ram e ters were cal cu lated and shown in tab. 1. All of Peclet num ber values were less than 10, which in di cated that back mix ing was se vere in this re ac tor model.
Mod el ing and ver i fi ca tion
Com bin ing the con se quences of tracer ex per i ments and the pre vi ous find ings about em pir i cal for mula of dif fu sion co ef fi cient [11] , it was con firmed that the wa ter depth, H, distance from in let to out let, L, and flow ve loc ity, u, were very im por tant fac tors in hy drau lic proper ties. Thus, they were cho sen to as cer tain the D value. Af ter fit ting rel a tive data by us ing a MATHCAD soft ware, the em pir i cal for mula about D was ob tained and shown as eq. (8). Ap plying F test to check the sig nif i cance level of this for mula, the con se quence in di cated that it was highly sig nif i cant:
In view of eqs. (7) and (8) Ap ply ing the PFD model, the math e mat i cal model of ox i da tion pond in zero or der reac tion was es tab lished. In first or der re ac tion, the fluid mass trans fer equa tion is ex pressed:
where u is the lon gi tu di nal mean flow rate, k -the pol lut ant re moval rate con stant, C -the re actant con cen tra tion, x -the lon gi tu di nal dis tance, and t -the re ac tion time. Un der steady-state and zero or der re ac tion con di tion, eq. (10) can be con verted to:
Equa tion (11) can be solved to:
where a 1 and a 2 are the con stants, and they can be con firmed by the bound ary con di tion of the closed type re ac tor [12] : 
where z is the dimensionless length, z = x/L, L -the length of ox i da tion pond, and ƒ -the re sid ual ra tio of pol lut ant. When z = 1, si mul ta neous eqs. (12)- (14) can be trans formed to:
Pe e Pe 0 0 0 0
where T is the ap par ent res i dence time, T = L/u, C e -the pol lut ant con cen tra tion at out let, and C 0 -the pol lut ant con cen tra tion at in let.
The rel a tive er ror be tween mea sured chem i cal ox y gen de mand (COD) val ues and predicted val ues was listed in tab. 2. The con se quence in di cated that the cal cu lated val ues could reflect ture val ues well, and the rel a tive er ror was less than 7.5%. 
Con clu sion
Ac cord ing to the hy drau lic res i dence time dis tri bu tion ex per i ments and com pre hensive anal y sis for the ox i da tion pond model, an em pir i cal for mula about Peclet num ber was obtained by fit ting data. The length from in let to out let, depth of wa ter, and ve loc ity of flow were ma jor in flu ence fac tors. Ba sis of PFD model, the math e mat i cal model of ox i da tion pond in zero or der re ac tion was es tab lished. The op er at ing data of Xianhe ox i da tion pond was used to ver ify this model, and the con se quence of low COD rel a tive de vi a tion in di cated that this math e mat i cal model can be ap plied to de sign the real ox i da tion ponds.
